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in this commentary i consider use of 
the term “lysis from without” (lo) 

along with the phenomenon’s biologi-
cal relevance. lo originally described 
an early bacterial lysis induced by high-
multiplicity virion adsorption and that 
occurs without phage production (here 
indicated as lo

v
). notably, this is 

more than just high phage multiplici-
ties of adsorption leading to bacterial 
killing. the action on bacteria of exog-
enously supplied phage lysin, too, has 
been described as a form of lo (here, 
lo

l
). lo

v
 has been somewhat worked 

out mechanistically for t4 phages, has 
been used to elucidate various phage-
associated phenomena including discov-
ery of the phage eclipse, may be relevant 
to phage ecology, and, with resistance to 
lo (lo

r
), is blocked by certain phage 

gene products. speculation as to the 
impact of lo

v
 on phage therapy also is 

fairly common. since lo
v
 assays are rela-

tively easily performed and not all phages 
are able to induce lo

v
, a phage’s poten-

tial to lyse bacteria without first infect-
ing should be subject to at least in vitro 
experimental confirmation before the 
lo

v
 label is applied. the term “abortive 

infection” may be used more generally to 
describe non-productive phage infections 
that kill bacteria.

Introduction

“The phenomenon of lysis-from-without 
is exhibited by T-even and certain other 
phages with large genomes, but does not 
appear to be particularly widespread. 
Most phages do not cause lysis-from-
without; more often, high multiplicities 
of infection simply overwhelm all capacity 

for efficient macromolecular synthesis and 
the cell simply dies.”

Ian Molineux1 (p. 223)

Ambiguity in terminology hinders sci-
entific progress. Examples of ambiguous 
terms in phage biology include multiplic-
ity of infection2-4 and pseudolysogeny,5 
which have taken on multiple, often dif-
ficult to distinguish meanings. Use of the 
term lysis from without (LO) has similarly 
drifted from its original meaning.

 Lysis from within (LI) is normal 
bacterial lysis induced intracellularly by 
phage proteins. LO, by contrast, is a lysis 
that does not rely on phage infection but 
instead is effected directly by extracellu-
larly supplied agents.6,7 Notwithstanding 
the simplicity of this definition, for more 
than half a century many authors have 
invoked LO imprecisely, emphasizing 
phage and bacterial failure to survive rather 
than strictly adsorption-induced bacte-
rial lysis. Molineux,1 by contrast and as 
quoted above, distinguishes LO from sim-
ply phage and bacterial death. Since how 
LO is defined can have consequences, here 
I consider its usage. Those consequences 
include within the context of phage ther-
apy, which is the application of phages to 
control nuisance or pathogenic bacteria.3,8

Virion-Mediated LO (LOV)

The most-cited early LO
V
 reference is 

that of Delbrück,9 who seems to have 
coined the term, though earlier descrip-
tions of LO

V
-like phenomena also exist.10 

Delbrück treated cultures containing 108 
Escherichia coli/ml with sufficient phage 
numbers that a measured “saturation” 
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in adsorption was achieved. Earlier lysis 
occurred than when lower phage numbers 
were supplied, around 10 min versus after 
15 min, reflecting LO versus LI, respec-
tively. Lack of production of phage prog-
eny was also observed.

LO
V
 as mediated by phage ghosts can 

serve in the laboratory as a simple and 
relatively rapid means of lysing bacteria.11 
Consistently, the phage eclipse was discov-
ered, in part, via LO

V
 of phage infections 

during single-step growth.10,12-14 For more 
modern examples of LO

V
 experiments, see 

Asami et al.15 For images of bacterial cells 
post LO

V
, see Cota-Robles and Coffman16 

and Tarahovsky et al.17 In addition, I have 
identified over 300 references that men-
tion or discuss LO. These I present as 
supplementary material, distinguished 
in tabular form into various categories as 
discussed here, including in terms of what 
papers consider LO

V
 within the context of 

phage therapy.

Molecular Mechanisms

LO
V
 has been most studied in T-even 

phages, particularly phages T2 and T4.6,7,18 
It occurs as a consequence of phage pen-
etration through the bacterial cell enve-
lope during adsorption. This penetration 
is effected in T4 phages by the gp5 pro-
tein, which is a tail-associated lysozyme.18 
When few phages adsorb to individual 
bacteria, then the damage caused by gp5 
is relatively slight and does not lead to 
premature bacterial lysis. However, when 
substantial numbers of phages adsorb, 
then sufficient cell-wall damage can occur 
that lysis follows. This lysis may occur 
principally at “weak points” in the bacte-
rial envelope17 and that envelope, under 
at least some circumstances, may not be 
“extensively degraded.”16

In T-even phages there exists a compli-
cation on the above mechanism, termed 
resistance to lysis from without (here, 
LO

R
). LO

R
 can be observed when there is 

a delay between primary phage adsorption 
and high-multiplicity secondary phage 
adsorptions.19 LO

R
 is dependent on phage 

gene expression and, in T4 phages, is asso-
ciated especially with expression of the 
phage gene sp plus to a lesser extent the 
phage gene imm.6 The existence of LO

R
 

can result in false-negatives in LO
v
 assays, 

meaning that phages which otherwise can 
exhibit LO

v
 might not display LO

v
 even if 

high multiplicity adsorption occurs. This 
failure is particularly likely if high multi-
plicity adsorption occurs after the first few 
minutes of phage infection. Alternatively, 
display of LO

R
 by infections can be 

blocked by inhibiting gene expression.
Existence of the LO

R
 mechanism6,7 

helped to illuminate the mechanics of 
normal phage T4 adsorption.18 Lysis inhi-
bition,6 as required for high-titer T4 stock 
production, also seems to involve expres-
sion of LO

R
.20,21 The lysis of T4 cultures, 

as during stock preparation, can involve a 
LO

v
-like lysis mechanism,22 though one 

that is not necessarily independent of LI.23 
Alternatively, Mg2+ addition to media (25 
mM) can reduce at least E. coli suscepti-
bility to LO

v
.24 Phage  produces proteins, 

Rz and RZ1, that appear to be important 
for effecting LI also given higher divalent 
cation densities such as LB broth supple-
mented with 10 mM MgCl

2
.25,26 Cell 

envelopes under the low Mg2+ conditions 
typically observed during in vitro phage 
characterization thus may be generally 
less resistant to lysis than under other cir-
cumstances. Fresh cells, contrasting those 
that have been subject to refrigeration, 
also have been found to display a lower 
susceptibility to LO

v
.24 Together these 

various mechanisms and observations are 
suggestive that while LO

v
 could have eco-

logical as well as applied relevance, at the 
same time LO

v
 may be less readily induced 

than one might anticipate. In particular, 
interfering mechanisms can include gene 
expression during phage infections such 
that LO

R
 is induced, insufficiently rapid 

or extensive phage adsorption (as dis-
cussed below), or given various conditions 
that can result in what may be greater cell-
envelope resistance to this lysis. 

Abortive Infection  
as it Relates to LOV

LO
v
, as a bacterial killing mechanism in 

which adsorbing phages also are sacri-
ficed, can be viewed as a kind of abortive 
infection.14 Abortive infections, however, 
can occur due to a great many causes 
besides LO

v
.27,28 Phage infections that 

result in both phage and bacterial death 
therefore should not be assumed to be due 

to LO
v
, even given substantial multiplici-

ties of phage adsorption, without some 
kind of substantiation that extracellularly 
induced early lysis has occurred, or at least 
could occur in the case of speculation as 
to in situ behavior such as during phage 
therapy. 

Formation of clearings upon applica-
tion of high-titer droplets of phages to the 
surface of immature bacterial lawns (spot 
testing) similarly is not necessarily an indi-
cation of LO

v
 since such spots—strictly, 

zones of inhibition—can be formed due 
to other abortive infection mechanisms 
or due to crude-lysate-associated lysins 
or bacteriocins. Indeed, phage-induced 
bacterial death associated with high mul-
tiplicities of phage adsorption can result 
simply from normal phage infection and 
associated LI. See table 1 for consider-
ation of how to parsimoniously distin-
guish between productive infections, 
abortive infections, and lysis from without 
based upon various hypothetical experi-
mental observations. 

Assaying for LOV

At a minimum, LO
v
 is a bacterial lysis 

that occurs soon after phage application. 
Microscopic or turbidimetric measure-
ments, or detection of the liberation of 
relatively large intracellular contents such 
as b-galactosidase are used to detect this 
lysis. This is rather than determinations 
of bacterial viability since phage adsorp-
tion and infection, alone, typically will 
kill bacteria. Basic testing for the occur-
rence of LO

v
 should be performed if dur-

ing experiments an unexpectedly low 
phage productivity from phage-adsorbed 
bacteria is observed or if one is concerned 
about negative consequences of high levels 
of phage adsorption such as during phage 
therapy. 

In designing LO
v
 assays it is important 

to keep in mind that while the total num-
ber of phages that can adsorb a bacterium 
is a function of the ratio of phages added 
to bacteria along with the bacterium’s 
phage-adsorption capacity,10,14 the actual 
rate that bacteria become phage adsorbed 
is a function of phage density.2-4 High 
titer phage stocks (≥109 phages/ml) thus 
should be used in combination with sub-
stantial excesses of phages over bacteria 
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(>100 phages per bacterium) to effect 
LO

v
. These details are less of a concern if 

LO
v
 is readily experimentally induced but 

should be the first issues considered if LO
v
 

is not observed. As LO
v
 represents not just 

lysis but premature lysis, the rapidity of 
that lysis should be compared with that 
of normal LI unless LO

v
 occurs so quickly 

(<5 min) that it is unlikely to be due to LI.
Note that greater temperatures can 

increase both the rate and degree of LO
v
 

experienced by bacteria.17 Since LO
v
 

should not be dependent on phage-lysate-
contaminating lysins or bacteriocins, it 
should still occur even given virion puri-
fication. Also, since LO

v
 should not be 

dependent on post-adsorption bacterial or 
phage gene expression, it should still occur 
even given washing of target bacteria with 
nutrient-free buffer prior to phage applica-
tion. The latter in fact will typically make 
bacteria more rather than less susceptible 
to LO

v
, at least so long as phage adsorp-

tion can still occur. Importantly, not all 

attempts to demonstrate LO
v
 in specific 

phages have been successful (see “LO
v
 not 

observed,” supplemental materials). 

Lysin-Mediated LO (LOL)  
and Other Variations

Lysins are phage-derived, cell-wall-
degrading lytic enzymes that can be used 
to lyse especially Gram-positive bacteria 
“from without.”29 This LO

L
 is equiva-

lent to LO
v
 in that it is induced by an 

Table 1. Causes of bacterial death associated with high MOIactual, parsimonious interpretations

MOIactual
1,2 Bacterial death3  Lysis timing4 Phage release5 Default interpretations6

Higher

Lower

With lysis

With lysis

Early

Normal

No

Yes

LO
V
 at higher MOI

actual
; 

productive infection at lower MOI
actual

Higher

Lower

With lysis

Yes or no

Early

Normal or never

No

No

LO
V
 at higher MOI

actual
; 

non-productive phage infection at lower MOI
actual

Higher

Lower

With lysis

With lysis

Early

Early

No

No

Abortive infection7 (potentially also LO
V
  

at higher MOI
actual

)

Higher

Lower

CFU loss

CFU loss

no data

no data

No

Yes
High MOI

actual
-dependent abortive infection8 (LO

V
?)

Higher

Lower

CFU loss

CFU loss

no data

no data

no data

no data
Productive infection (but perhaps abortive infection)

Higher

Lower

CFU loss

CFU loss

no data

no data

Yes

Yes
Productive infection

Higher

Lower

Spot formation

No plaques

no data

no data

no data

no data

Abortive infection (potentially also LO
V
  

at higher MOI
actual

)9

Higher

Lower

Spot formation

Plaques

no data

no data

no data

Yes (implied)

Productive infection (possibly also footnotes 8 and 9  
or LO

V
 at higher MOI

actual
)

  
1“MOI,” Multiplicity of Infection; “MOIactual” is the number of phages that have been found to have adsorbed to bacteria, within a culture, divided by the 
number of bacteria present within the same culture, as can be approximated through a combination of measuring phage titers prior to exposure to 
bacteria (P0), phage titers after phage exposure to bacteria (but before phages have productively lysed bacteria; Pt), and bacterial counts as present 
prior to phage addition to bacteria, B0, such that MOIactual = (P0 – Pt)/B0 (contrast MOIinput which is equal to the number of phages that have been added 
to a culture divided by the number of bacteria that are found within the same culture, or P0/B0).
2“Higher (MOI),” MOIactual >> 1; “Lower (MOI),” approximately MOIactual ≤ 1; “no data,” specific assays either were not initiated or were not successfully 
completed.
3“With lysis,” bacterial death associated with phage-induced bacterial lysis; “CFU,” bacterial-Colony-Forming Unit (losses are declines in CFU numbers 
associated with a culture); “Spot,” clearing initiated by substantial phage numbers suspended within a small volume that’s dropped onto an immature 
bacterial lawn and which results from an inhibition of bacterial replication as typically mediated via bacterial killing; “Plaque,” visible clearing on a 
bacterial lawn that is initiated by approximately a single phage, or single phage-infected bacterium, and which is a consequence of multiple rounds of 
productive phage infection.
4“Early,” lysis that occurs substantially prior to the normal time of lysis; “Normal,” lysis timing of ordinary productive phage infections as determined 
especially in the course of single-step growth experiments.
5“Phage release” is as following productive infection (and is implied given plaque formation).
6“Lysis from without (LOV),” phage-induced bacterial lysis that is directly associated with phage adsorption rather than with factors that are synthe-
sized within the subsequently lysing bacterium; “Productive infection,” phage infection that ends with release of newly produced free phages into the 
extracellular environment; “Abortive infection,” phage infection that ends with both phage and bacterial death; “Non-productive phage infection,” 
infection that does not release phage progeny (could be restrictive, abortive or lysogenic).
7Certain abortive infections involve bacterial lysis, especially early lysis, that that is not necessarily associated with LOV.
8Abortive infection sensu Molineux;1 see opening quote of article; LOV must be ruled out (or in) via further experimentation.
9Also bacteriocinogeny, which is the result of bacteriocins contaminating the applied phage stock during spot testing, or carryover of otherwise intra-
cellularly acting lysins, both as may be found within crude phage lysates.
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exogenously supplied agent (here lysin), 
results in bacterial lysis, and is not asso-
ciated with phage production. Though in 
my opinion the lytic action of exogenously 
supplied lysin on bacteria is a legitimate 
use of “lysis from without,” in exploring 
the literature it is important to not con-
fuse the two concepts, LO

v
 versus LO

L
. 

Also confusing, the aquatic phage litera-
ture refers to streptomycin-induced bacte-
rial lysis as a lysis from without (LO

S
).30 

Additional, non-phage uses of LO also 
exist though these are not explored here.

Conclusion

Cell destruction that is directly mediated 
by virion adsorption has been recognized 
as a distinct form of phage-induced lysis at 
least since 1940. That paper by Delbrück9 
is available online, including through 
PubMed, and is as relevant today as it was 
then in defining the phenomenon. In its 
summary (p. 660) he notes: “Lysis from 
without is caused by adsorption of phage 
above a threshold value. The cell contents 
are liberated by a distension and destruc-
tion of the cell wall. The adsorbed phage 
is not retrieved upon lysis. No new phage 
is formed.” Notwithstanding this descrip-
tion, LO

v
 is not always easily induced upon 

phage adsorption unless phage densities 
are high, cells are inhibited in their gene 
expression, or cell envelope stability other-
wise is low. In addition, not all phages may 
be inherently capable of inducing lysis 
from without. If there is reason to suspect 
that LO

v
 might be interfering with phage 

therapy or other experiments then at least 
in vitro testing should be performed.
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